wo 2005/060031 1 1 / 659637 PCT/EP2004/014420 

lAPBHec'dPClTPTO 05fEB2IP 

MEMBRANE FUEL CELL COUNTERCURRENT-FED WITH NON-HUMIDIFIED 
AIR 



BACKGROUND OF THE INVENTION 

Fuel cells are characterised by their capacity of directly converting the chemical 
energy of a fuel, for example pure hydrogen or hydrogen-containing gas, to 
electrical energy with no intermediate combustion stage. This allows fuel cells to 
get rid of the constraint of Camofs principle and ttierefore to have an intrinsically 
higher energy efficiency than the conventional generators. 
Several ^es of fuel cells are known, among which membrane fuel cells are a 
solid state device with a paiticulariy simpiiffed internal structure and with a 
remarkable capacity both of prowding the nominal power in a very limited time 
starting from zero ou^ut conditions, and of promptly resporxJing to insteint 
electrical energy requests. This set characteristics mak^s membrane fuel cells 
very attractive for use in the automotive and stationary field for small power 
appliances, as is the case, very mterest'ng under a commerdai standpoint, of 
systems directed to private housing installations, hotels, telecommunication relays, 
as well as computing centres and hospitals as an emergency unit. 
Alongside these features, membrane luel cells present however also a few 
drawbaci®: among these, particular relevance has the need of maintaining the 
proton conductive polymeric nnanbrane in a fully hydrated steite. being its 
conductivity predsely a function of its water content. 

The membrane must be inert against the strongly aggressh/e action of peroxide 
and radical compounds which are formed as intermediate reaction products and 
for this reason the currently commercially available types consist of perfluorlnated 
polymers. On the polymer chains are inserted sulphonic groups (-SO3H}, which 
must t>e dissociated: the resulting free etectric charge in fact determines a 
particular spatial orientation of the polym^ chains with fbnnation of reticular 
channels along which the ionic migration occurs. The dissociation, which is thus a 
mandatory passage for chsuinei formation, only takes place when the membrane 
contains a certain water amount, ttiat is when the membrane is characterised by a 
suitable degree of hydration. The membrane water content is the result of a 
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delicate equilibrium b^ween water formed during operation and water withdrawn 
from the gases flowing across flie fuel cell. Water extraction can b^^ome 
dangerously high when the fuel ceil is operated at moderate pr^sures as required 
to minimtee the parasite energy consumption, which n^atively aftect the overall 
s^em efRciency. With moderate operative pressures, in particular close to 
atmospheric, the volumetric gas flow-rates result to be high: on the air side, the 
situation is then particularly critical, since to maintain a sufficient oxygen partial 
pressure also in the cell regions close to fiie outlet, the air is supplied in a 
substentially higher amount typically double, than the theoretically required value. 
In order to decrease the water extraction so as to preserve the necessary 
membrane hydration, several devices are disclosed in the prior art directed to 
saturate the feed gases, and especially air, with water vapour at temperatures 
close to that of fuel cell operation. Air saturation is achievable in the simplest of 
manners by bubbling the air in suitable extemai saturators consisting of vessels 
where demineralised water is mainteined at the desired temperature by thennal 
exchange, for instence with the cooling water of the fuel cell: nevertheless, having 
to maintein the thermal exchans^ surfaces within reasonable limits, the saturator 
average temperature results lower than that of the cell and henoe air still has a 
potential capability of dehydrating the membrane, which is displayed in particular 
at high output conditions. A modification of this device, disclosed in patent 
application DE 103 04 657, provides tiiat tiie liquid water dragged by the exhaust 
air and dischaiiged from the fiiel ceil be s^rated and ooltected in a vessel 
integrated wrtti tiie cell itself: in tiiis way it is achieved both a simplification of tiie 
overall system since tiie extemai saturator is eliminated, and a higher thennal 
level for the water evaporation because of tiie improved thermal exchange. Also 
wrtti this solution, however, the temperature of saturation, although increased, 
remains tower than tiiat of fuel cell operation. To complete the air feed saturation 
wrtti water vapour it would be then necessary to resort to additional sources of 
thennal energy witii a consequent decrease of the overall system energy 
efficiency: a procedure of tiiis kind is claimed in US 6,350,535, wherein atomised 
liquid water is added to the air feed and the mixture so obteined is directed across 
a h^t exchanger provided witti the required ttiemial energy to evaporate the 
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water. These devices in any case require level control instrumentation, pumps for 
water feeding, purge flow-rate control to prevent the build-up of impurities 
inevitably present, albeit as traces, in the water to evaporate, with sensible 
consequences on the total costs. In US 6,066.408 a method of humidification is 
described comprising humidifying cells Intercalated to the fuel cells of a stack: in 
this way the humidifying cells practically operate as cooling cells wherein the 
cooling is ensured by the evaporation of the water required to saturate the air 
which is made flow across them. The humidification temperature results higher 
than that obtained with the above discussed external saturators, but always lower 
than that of the fuel cells since some temperature diffeiBnce is still required to 
maintain an adequate heat exchange rate. However, such a device is hardly 
efficient in the start-up phase and at low power output when the cell temperature is 
significantly lower than at regime operation. 

In US 2001/0015501 the use of a apparatus commonly defined as enthalpic unit is 
disclosed. Such unit consiste of a vessel divided into two compartmente by a 
selective water-permeable membrane: the two compartments are respectively fed 
with air at ambient temperature to be directed to the stack and with water vapour- 
saturated wamft exhaust air exiting the cells. A heat and water exchange takes 
place across the membrane from the exhaust to the air fe^, which wamns up and 
is humidified: also in this case, however, the final temperature of the air feed is 
certainly lower than the operating temperature of the fuel cells. A similar device is 
disclosed in DE 19G 18 849 wherein the water and heat transfier does not take 
place across a selec^e membrane, but rather through the use of a roterting drum 
subdivided into sectors whose internal walls are provided with a film of 
hygroscopic material, for Instance a lithium satt. The rotation of the drum puts each 
sector subs^uentiy in communication first with the exhaust air which transfers its 
water content to the hygroscopic material, then with the dry air feed which warms 
up and extracts water from the hygroscopic material. Of course, this device is as 
well subject to the previously mentioned limitations. 

In US 5,441,821 a certain moisture and thennal level is achieved through the 
recycle of exhaust air on the air feed fan or compressor in this case, supposing 
that the exhaust air is saturated with water vapour, the resulting humidity of the 
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overall air stream is a function of the ratio t)etween the flowiwates of the recycle 
and of the fresh air from the environment Since this ratio cannot be very large in 
order to contain the size of fans or compressors and the relevant energy 
consumption within reasonable limits, the overall air humidity content is again 
unsatisfactory. Furthermore the recycle of oxygen-depleted exhaust air implies the 
average partial pressure of oxygen inside the fuel cells to be lower than that 
characterising the operation vwthout recycle. This may imply a certain lessening of 
the performances. 

To obviate to the above inconveniences while achieving a safie and complete 
membrane hydration, US 6,406,807discloses the direct injection of water inside 
the fuel cells: the evaporation effectively withdraws the reaction heat 
simultaneously generating the vapour partial pressure required for maintaining a 
conect hydration of the membranes. The method is somehow critical in 
consideration of the fact that the amount of water has to be calibrated as a 
function of power output to prevent the two opposed hazards of hydration loss 
(injection of an insufficient amount of water) and of electrode flooding (injection of 
an excessive amount of water). 

A further way of facing the problem of membrane dehydration is discussed in US 
2002/0068214: besides the humidification carried out by means of one of the 
above disclosed processes, the membrane fuel cell cathode has a reduced 
porosity in the air inlet region, which is more e)^osed to the ifek of excessive 
water evaporation. In this way the vrater vtrithdrawal as vapour or even as liquid 
results to be the more hindered the lower is the residual porosity, with a better 
presen/ation of the membrane hydration. This procedure entails two serious 
inconventences. one »ssodafed with the simultaneous decrease of oxygen 
diffusion rate leading to performance drop, and the other vwth the more complex 
electrode structure, badly fitting the requirements of large scale and low cost 
production. 

The above types or air feed conditioning, due to their intrinsic limitations, are 
acceptable only in case of high pressure operation, typically fr-om 3 to 4 bar, that is 
when the air feed has a substantially reduced volumetric flow-rate and may have a 
temperature higher than ambient under the effect of compression, while they are 
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arguable and pooity reliable for operation at pressure below 3 bar, in particular 
below 2.5 bar. 

The basic aim of the present invention is to overcome the limitations of the prior art 
by disclosing a fuel cell which can be op^Bted with non-extemally humidified air 
also at moderate pressures. 

DESCRIPTION OF THE INVENTION 
According to a first preferred embodiment the membrane fuel ceil is equipped with 
vertically disposed bipolar plates, internal gas feed flow distributors, catalytic 
anode and cattiode, proton-conducting membrane and cooling device, said 
intemal distributors consisting of porous planar elements optionally provided with 
residual defonnability and elasticity, such as three-dimensionally reticulated 
materials, sintered materials, juxtaposed meshes or expanded sheets, In which the 
gas feed with flow-rate adjusted as a function of tiie electrical current output is 
comprised of non-extemally humidified air introduced at the bottom of the ceil and 
of hydrogen or hydrogen-containing gas, optionally saturated witti water vapour, 
introduced firom tiie top of the cell (counter-current gas flows), wherein the 
pressure of the outt^ air is lower ttian 3 bar, preferably lower than 2.5 bar and 
even more preferably dose to atmospheric pressure, in which case the air 
pressure drop across tiie relevant flow distributor is lower ttian 1 bar and typically 
equal to 0.5 bar in ttie operating conditions corresponding to tiie maximum 
nominal current output 

According to a second preferred embodiment, air is fed at a pressure lower than 3 
bar, the pressure drop across the relevant flow-disblbutor is negligible and the 
temperature of air discharged from ttie ceil is kept dose to but below the dew 
point, corresponding to the water vapour partial pressure which is a function of the 
ratio of moles of product water to moles of discharged air and vapour. 
According to a tiiird prefened embodim^ of the nivention, liquid water is injected 
at the bott:om of ttie cell (in correspondence of tiie air Inlet at a pressure lower than 
3 bar), its flow-rate being adjusted as a function of the electrical current output. 
According to a fourth prefen-ed embodiment of the invention, liquid water is 
injected at the cell bottom and the flow-rates of air fed at a pressure lower than 3 
bar and of injected water, adjusted to ttie value required for maximum nominal 
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output, are kept constant under the whole range of eiectricat current 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention vtrill be explained hereafter maldng reference to the following figures, 
having a merely exemplifying purpose:: 

- figure 1, showing a cross-section of the m^brane fuel cell according to the 
invention also indicating the diredions of the gas flows. 

- figure 2, showing in detail an embodiment of the internal gas feed flow 
distributor oonsisting of three-dimensionally reticulated material. 

- figure 3, showing a cross-section of an ^bodiment of membrane fuel cell 
according to the prior art 

- figure 4, showing a multiplicity of membrane fuel ceils according to the 
invention laminated in a stack capable of generating high voltage electrical 
current as normally required by the electrical appliances. 

- figure 5. reportmg a diagram of the operating cyde relative to a 15 membrane 
fuel cell stack fed with non-prehumidified air. 

- figure 6, showing the votte^ stability of the stack of figure 5, taken at different 
times at a cunent density of 2000 Mv^. 

- figure 7, sketching the cross-section of a membrane fuel cell according to the 
invention with water Bijection at the bottom, on the air lieed side. 

DETAILED DESCRIPTION OF THE DRAWINGS 
During tfie operation of a fuel cell, be it single or assembled in a stack of multiple 
cells, the region of membrane more exposed to the risk of dehydration is the one 
immediately adjacent to the gas inlet, and in particular to the air inlet whereto 
spedfic reference will be made hereafter. This region, in fact is subject to a quick 
evaporation of the product water, which is generated by the reaction between the 
air, the protons migratii^ across the membrane and the eiecbons flowing through 
the external circuit. If the rate of evaporation is higher than tiiat of water fonnatk>n, 
the membrane undergoes a progressive dehydration hindering proton migration 
with a consequent downfall in conductivity and performances. It ^ to be noted that 
if the situation of dehydration or poor hydration persists in time, the polymer 
sbucture is subject to a slow structural reorganising process which makes the 
conductivity loss to tie permanent Moreover, in conditions of severe dehydration, 
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the mechanical charac^sfics of the membrane and in particular its plastic 
reserve sharply decay, increasing the hazard of developing Intolerable defects 
such as porosities or microfractures, especially localised in the zones of higher 
mechanical strain, such as for example the edges and the possible inegularities in 
the elecbiode surfiaces. 

To prevent these problems, the prior art is substantially directed either to ensure 
the prehumidificatlon of the air feed Initially containing just the ambient humidity 
(hereafter defin«l as dry air), which being nevertheless incomplete for the above 
mentidned reasons only softens the dehydration hazards without eliminating ttie 
same, and/or to employ electrodes provided with a lower porosity in the gas inlet 
region, capable of hindering the difiusbn of the product water better preserving the 
membrane hydration, but at the cost of a perfomnance lessening and of non 
negligible complications In the manufacturing phase. In the central and tenninal 
r^ions on the exhaust air outlet side, the progress of the reaction detennines the 
fonnation of increasing amounts of v\^r which, once having saturated the air, are 
separated in the liquid phase: membrane hydration is deariy maximum in these 
regbns, but the presence of water droplets enteils difFiculties In the distribution of 
air when the internal di^ritnitors consist of planar elemente whose surface is 
provided with a multiplicity of grooves fed in parallel with air. The presence of 
water droplets stuck inside some of the grooves as a matter of fact prevents the 
passage of air and therefore the correspondent electrode portions are inactivated, 
witii an overall drop in tiie cell perfonnances. The problem is attenuated by 
adopting groove passage sections prodiK^ing a sufRcient pressure drop to 
completely remove the droplets. Such a solution, implying a higher energy 
consumption for the necessary pressurisation of air, loses effectiveness at tfie low 
air flow-rates corresponding to tfie conditions of reduced or zero eiecbical output 
The complete expulsion of liquid water from tfie cell is furthemiore very difficult 
and invariably forces to ttie air from tiie top of the cell so as to couple tfie 
effect of gravity to tfie drag exerted by tfie exhaust air exiting at the bottom. 
The inventors, on the basis of a wide testing, surprisingly found that it is possible 
to operate a fuel cell in a stable fashion over a wide range of cunrent densities as 
requested by practical applications, witti voltages corresponding to good energy 
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conversion efficiencies and witii stoiciiiometric excesses equivalent to those of 
common use in the prior art also at moderate pressures, In particular beiow 3 bar, 
and more particularly at near-atmosplieric pressures and witli no prehumidification 
of the air feed. Such a result of great practical interest is made possible by the 
simultaneous adoption of intemal gas distributors consisting of planar porous 
elements, for instance three-dimensional reticulated materials, sintered materials, 
juxtaposed meshes as described in US 5,578,388, while feeding dry air from the 
cell bottom. The three<iimensional reticulated material is shown in figure 2: the 
material is obtained out of an open-oell polymer foam reinforced with a metallic 
coating, for instance nickel or nickel-chromium aitoy, the latter being prefiBrred due 
to its enhanced oon-osion resistance. AKematively, the polymer foam is reinforced 
with a resin coating containing a conductive charge, for instance in forni of 
graphite partteies. By adjusting the coating thickness and adequately selecting the 
constituting materials it is possible to obtain a reticulated material witti suitable 
compression resistance and endowed virith residual elastteity. as required in order 
to ensure the best electrical contact between bipolar plates and electrodes. The 
intemal distributor in fomn of porous planar element has the advantage, in 
comparison to the type consteting of a grooved planar etem^, of accepting the 
presence of water dropl^ without introducing sensible inhomogeneitles in the 
distribution of gas, in particular of air. Moreover if the ratio of void intemal volume 
to total volume of the porous element is high, typically above 50%, the gas 
passage velocity is reduced and therefore it is likevirise reduced also the dragging 
efiect of the water droplets, which can now percolate at least partially under the 
effect of gravity to the cell bottom, where they facilitate the humidifying process of 
the dry air feed and maintain an optimal membrane hydration just in the region of 
higher criticality. It is dear to one skilled in the art that a similar efliect could not be 
attained wifli the intemal distributors of the grooved type since the conflicting eftect 
behiveen the drag of the upward air ftow insMe the grooves and the force of gravity 
acting downwards would increase the population of water droplets in the grooves 
with an unacceptable worsening of the gas distribution. Figure 1 shows a cross- 
section of the fuel cell according to the invention, wherein (15) indicates the fuel 
cell, (16) the cooling device, (1) and (2) respectively the dry air inlet and the 
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exhaust air outlet, (3) and (4) the Inlet and outlet of the pure hydrogen or 
hydrogen-containing gas, (5) and (6) the cooling water inlet and outlet, (7) the 
bipolar plates made of conductive material, for instance graphite or polymer- 
graphite composites or metallic alloys such as stainless steel, (8) the gas internal 
distributore of the cell consisting of porous planar elements, for example 
manufactured out of the three-dimensional reticulated material of figure 2, (9) the 
cathode, that is the catalysed electrode fed with air, (10) the anode, that is the 
catalysed electrode fed with hydrogen or hydrogen-containing gas, (11) the 
proton-conducting membrane, (12) the sealing gasket frames provided, as the 
bipolar plates, with appropriate holes suitable to fomi by juxtaposition the 
longitudinal manifolds for the passage of the gases and the cooling water 
(identified by the lines with crosses). (13) the tie-rods necessary to keep the 
assembly under compression in order to achieve the peripheral sealing of the 
gases to the external environment and the electrical contact between bipolar 
plates, distributors and electrodes, (14) a porous element equivalent to elements 
(8) suited to guarantee the uniform distribution of the cooling water and to 
estebDsh the electrical continuity between cattiode (9) of the cell and external 
contact (+). The ftows of the two gases, tfie upward one of air and flie downward 
one of fuel, are represented respectively by ttie continuous and by the dotted line. 
For a better comprehension of flie invention figure 3 shows a section of a top-view 
of a fuel cell accoreling to tiie prior art, wherein tfie equivalent components with 
respect to the cell of tiie previous drawings are identified by tfie same reference 
numerals. As it can be noticed the internal distributors (8) consist of planar 
elements free of porosity and provided witti vertical grooves. The grooved 
distributors normally constitute a whole witii tfie bipolar plates. In figure 3 are also 
indteated the feed and discharge flows of air (1) and (2) and of fiiei (3) and (4) 
which are botii directed from tiie upper to the tower part of the ceil (cocunrent 
flows). Figure 4 shows how a multiplicity of cells according to the invention can be 
assembled to forni a stock comprising, besides the various cells, also two temiinal 
plates (17) and (18) whose stiffness ensures a unifomri compression of all the 
components in the longitudinal direction. The lines with crosses indicate the 
manifolds for ttie passage of ttie gas feeds, ttie discharges gases and tfie cooling 
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water and which are formed by the juxtaposition of the appropriate hol^ present 
on the bipolar plates and on the gasket frames, as known in the art 

EXAMPLE 

The invention was tested in three different embodiments: the first embodiment 
intends to take advantage from the mentioned capacity of the porous-type element 
to uniformly distribute the gases, air in particular, also in the presence of water 
droplets stuck inskle the structure, however in operating condrtfons minimising the 
probability of percolation of liquid water toward the knwer part of the ceil. In this 
situatton, the hydration of the membrane in the lower regk>n where air is fed is 
ensured by the diffifiion of iiqukl water from the anodic compartment across the 
membrane. The formation of tiquki water in the anodte compartment is made 
possible by the relevant flow-rate contraction undergone by pure hydrogen and to 
a significant extent also by the hydrogen-containing gas: such contraction 
detennines the supersaturation of the water vapour vi^ereof hydrogen has be^ 
enriched in the transit across the cell or which was already present in the fed 
hydrogen-conteining gas. It folkyws that WquiA water separates in tiie lower part of 
the ceil succeeding in maintainir^ the membrane hydrated also when dry air is 
injected on the opposite skie. Nevertheless, since the amount of water which 
condenses on the anode skie is rdatively modest, it is necessary ttet the air 
volumetric fk3w-rate be limited, particulariy in conditions of maximum electrical 
output when the quantity of air required for the regular functioning is certainly 
remaricable. For this condition to be met it is nec^sary that the air pressure in 
correspondence of the cell inlet region be higher than atmospheric, but lower than 
3 bar, preferably tovjer than 2.5 bar, to limit the energy consumption of the 
compressor, as prewnjsiy said. The reduced volumetric flow-rate, if on one hand 
is favourable for maintaining the hydration in the oiticai region of the membrane, 
results however counterproductive since the water vapour saturatton is rapkily 
reached. Hence, already partially in the central region and especially in the region 
dose to the exhaust air outlet, a sensible amount of Iiqukl water is formed, which 
may negatively affect the behaviour even of a tolerant component as is the porous 
planar element This problem can be solved by selecting a planar element whose 
porosity establishes a sensible pressure drop on the air flow. The pressure drop 
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implies the increase of the air volumetric flow-rate with consequent enhanced 
capacity of vaporising liquid water. The capacity of vaporising water in the liquid 
phase may be further influenced through the exhaust air temperature, in its turn 
iDeing a function of the cooling water temperature. Figure 5 shows the voltages of 
a 15 cell stack subjected to a severe electrical output cycle from 2000 A/m^ to 
10000 A/m^. In ^ure 6 the trend in time of the voltage at 2000 A/m^ is reported. 
The ceils of ttie steick were comprised of AISI 316 L-type stainless steel bipolar 
plates, Internal gas distributors of nickel-chromium ailoy three-dimensional 
reticulated type, ELAT® electrodes provkied by De Nora North America, E-Tek 
Division. USA, Nafion® N1135 membranes provided by DuPont, USA.. The 
operating conditions were: dry air fed in the lower part of the ceils at 1.5 bar at 25- 
50°C, exhaust air discharged from the upper part of the cells at near-atmospheric 
pressure (pressure variation in crossing the porous planar element about 0.5 bar), 
air stoichiometric excess equal to 1.7-2.4, hydrogen fed in the upper part of cells at 
1.3 bar, hydrogen stoichiometric excess equal to 1.1-1.2, operating temperature 
eS-TS^C, inlet and ouQet cooling water temperature respectively GZ'C and 74*'C. 
As it can be notteed from the diagram in figure 6, the stack operation results 
extremely stabte notwithstanding the dry air feed and the very severe operating 
conditions. For the sake of comparison a stack entirely identk»l to the one of 
figures 5 and 6 was operated at the same operating conditions, the only difference 
being in the dry air feed effected from tiie top of the cells: a progressive 
performance decay was obsen/ed with a sharp voltage drop of a few cells to 
values close to those of destructive inversion after about 350 hours of operation. 
Also for the sake of comparison a steck equivalent to that of figure 5 and 6 was 
(H>erated, the difference being in tiie type of internal distributor which consisted of 
grooved planar elements of the type illustrated in figure 3. The yoltage downfiall 
that had occurred with the dry air feed from the top of the cells was not observed, 
neverUieless the voltage values resulted on average 0.1 volt per cell lower than 
those of figures 5 and 6, and highly unstable with osdilations even of 0.2 volt per 
ceil, as a clear demonstration of a time-variable inhomogeneity in tiie air 
distribution, most likely provoked by the presence of liquid water droplete 
periodically trapped in ttie grooves of the intemai distributors. 
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The pressure variation associated with the crossing of the porous internal 
distributor by air and which allows, as seen, to keep under control the liquid water 
fonnation inside Vhe cell, implies a higher mechanical strain on the membrane 
particularly along the perimeter: for this reason it Is necessary to completely 
support the membrane along ttie periphery and to prevent asperities or other types 
of imegularities in this delicate zone. 

The second embodiment of the invention addresses this problem ensuring a 
practically unifomn pressure distribution on the membrane, also with modest 
cathode-anode pressure differentials. For this purpose the porous internal 
distributor is characterised by high void volume to total volume ratio, for instance 
above 50%, and preferably above 70%: as a consequence, the air pressure drop 
across the distributor is extremely reduced, indicatively below 0.2 bar, more 
preferably below 0.1 bar. In these conditions, operating at a particularly moderate 
pressure, typically below 2 bar and preferably at near-atmospheric pressure, the 
air volumetric flow-rate, as previously mentioned, is high and capable of 
dehydratbig the membrane in the feed region where the availabte water is onty 
that whidi diffuses across the membrane from the anodic compartment. This 
problem may be kept under control by fixing the exhaust air temperature 
marginally below the dew point which is a function of the ratio moles of water 
formed by reaction/total discharged moles of exhaust air and vapour, through the 
regulation of the cooling water temperature: in this way a fraction of the water 
fonned by reaction condenses and percolates through the porous distributor to the 
bottom of the cell, where it keeps the membrane hydrated. For the sake of 
verifying the process efTiciency, the stack in accordance with the invention was 
operated with the settings emptoyed for obteining the date of figures 5 and 6. the 
differences being the distributors consisting of nickel-chromium alloy three- 
dimensionally reticulated material with a vdd volumeAotel volume ratio of 75%, the 
feed pressure of 1.2 bar and the exhaust air outlet temperature kept around 60- 
65°C. The results obteined were fiilly satisfactory, with a substential steck voltege 
stebility also after 560 hours of operation with voltages equivalent to those 
indicated in figures 5 and 6. The described operation requires some control 
instrumentetion of the exhaust air outlet temperature and of the cooling water 
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temperature. 

The third embodiment of the invention ensures the membrane hydration in the 
lower critical region in conditions of dry air feed at moderate pressure, lower than 3 
bar, preferably lower than 2.5 bar and even more preferably at near-atmospheric 
pressure by means of the direct water injection as sketched in figure 7: the bipolar 
plate (19) facing the cathode (9) Is provided with calibrated holes (20) through 
which the water fed at (16) is injected Into the cathodic compartment (dotted line) 
in the proximity of the dry air feed. Since the Injected water, besides keeping the 
membrane hydrated, evaporates to humidify the air, it also guarantees an effective 
cooling making the cooling water circulation through (16) not necessary anymore. 
The ftow of injected water is established in a simple fashion by means of an 
adjustable rotating external pump (not shown in figure 7). The exhaust air outlet 
temperature does not require any particular adjustment and may certainly result 
higher than the dew point as above defined. The stack of the invention, consisting 
of 15 cells modified as indicated to adapt them to the humidifying water injection, 
was operated In the electrical output condittons used for obfaining the dafa of 
figures 5 and 6. with a very satisfactory voltage stability and slightly better vottages 
than those coHected in figures 5 and 6. It can be supposed, without thereby limiting 
the invention at all, that the effectiveness of the injected water is due to the 
formation of a small liquid phase level In the lower part of the cells. This level fully 
hydrates the membranes and quickly humidifies the air, which is forced to bubble 
through it The water-fkw rate is adjusts as a function of the electrical output by 
ac^ng on the rotation regime of the injection punp so as to obtain an equilibrium 
condition between anwunt iiijected and amount withdrawn in fonn of vaporised 
water and of draped water as atomised phase. 

An operating alternative to this third embodiment of the invention is characterised 
by a temaricable simplification of the regulations and contemplates that the fuel cell 
or stack, in the case of a multiplicity of cells, be provided with air lised and water 
injectfon fixed at the required value for the maximum nominal electrical output 
conditions: thus the kwer is the electrical output, the larger are the excesses of air 
and water. In the case of the current technology, a situation of this kind would 
rapidly lead to the drying out of the membrane with performance collapse, while in 
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the case of the invention the dehydrating effect of the high air flow-rates is 
effectively counteracted by the injection of water even in the critical air inlet region 
and even In conditions of reduced or nil formation of product water as occurs at 
low or zero electrical output. Of course this kind of operation entails a higher 
average energy consumption for feeding the air, which can be however within 
accepteble limits depending on the air feeding pressure that can be particularly 
moderate, typically 1.2 bar, and preferably 1.1 ban for example, in the case of a 
SkW etedtksal power stack, the dry air flow-rate with a stokihiometric excess of 2 
results to be about 16 m^/hour„ conresponding to an indurative power of just 0.25 
kW for bringing the pressure to 1.2 bar. The stack of the invention, operated as 
indicated, showed excellent perfonnances, with a system simplicity and therefore 
with an operative reliability inconceivable up to now. 

The invention in its broader aspects is not limited to tiie disck>sure given in the 
present specification and, accordingly, variois modifications may be de>rised 
without departing from the scope of the mvention as defined in the appended 
claims. 

in the description and daims of the present applteation, the word "comprise" and 
its variations such as "comprising" and "comprises" are not directed to exclude the 
presence of other elements or further components. 



